Cystamine induces toxicity in hepatocytes through the elevation of cytosolic Ca2+ and the stimulation of a nonlysosomal proteolytic system.
Infusion of cystamine into the isolated, perfused rat liver resulted in tissue damage preceded by the formation of cystamine-protein mixed disulfides which were mainly detected in the plasma membrane fraction. Hepatotoxicity was prevented when dithiothreitol was infused after cystamine or when the calcium antagonist, verapamil, was co-infused with the disulfide. In isolated hepatocytes, the formation of cystamine-protein mixed disulfides was associated with an inhibition of plasma membrane Ca2+-ATPase activity and a decreased rate of Ca2+ efflux from the cells. This resulted in intracellular Ca2+ accumulation which was followed by a stimulation of both phospholipid hydrolysis and proteolysis, as indicated by enhanced rates of release of radioactivity from hepatocytes prelabeled with [14C]arachidonate and [14C]valine, respectively. Preincubation of hepatocytes with the calmodulin inhibitor, calmidazolium, or with the phospholipase inhibitors, chlorpromazine and dibucaine, inhibited the stimulation of [14C]arachidonate release by cystamine. However, none of these agents prevented the onset of cystamine toxicity in hepatocytes. In contrast, pretreatment of the cells with antipain or leupeptin, two inhibitors of Ca2+-activated proteases, abolished the stimulation of proteolysis by cystamine and also protected the cells from cystamine toxicity. Our results suggest that the perturbation of intracellular Ca2+ homeostasis by cystamine is caused by the inhibition of Ca2+ efflux associated with the formation of cystamine-protein mixed disulfides in the plasma membrane and that subsequent cytotoxicity results from Ca2+-activation of a nonlysosomal proteolytic system.